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PA . ENT COOPERATION TREAl 



From the INTERNATIONAL BUREAU 



PCT 



NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule 92bls.1 and 
Administrative Instructions, Section 422) 



Date of mailing (day/month/year) 
09 February 2001 (09.02.01) 



Applieairt* s or agent* s file reference 

P48862PC00 



To: 



PRINS, A., W. 
Vereenigde 
Nieuwe Parklaan 97 
NL-2587 BN The Hague 
PAYS-BAS 



IMPORTANT NOTIFICATION 



International application No. 

PCT/NLOO/00439 



International filing date (day/month/year) 
23 June 2000 (23.06.00) 



1. The following indications appeared on record concerning: 

X the applicant Q the inventor Q the agent Q the common representative 


Name and Address . 

ACADEMISCH ZIEKENHUIS BIJ DE 
UNIVERSITEIT VAN AMSTERDAM 
Meibergdreef 15 

NL-1 105 AZ Amsterdam _ 
Netherlands *^ 


State of Nationality 
«• 


State of Residence 
NL 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
1 1 the person |^ the name Q the address X the nationality the residence 


Name and Address 

ACAbEMISCH ZIEKENHUIS BIJ DE 

UNIVERSITEIT VAN AMSTERDAM 

Meibergdreef 15 

NL-1 105 AZ Amsterdam 

Netherlands 


State of Nationality 
NL 


State of Residence 
NL. . 


Telephone No. 


Facsimile No. 


Teleprinter No. 


3. Further observations, if necessary: 


4. A copy of this notification has been sent to: 

X the receiving Office | 
1 X| the International Searching Authority | 
I 1 the International Preliminary Examining Authority | 


"x] the designated Offices concerned 
1 the elected Offices concerned 
1 other: 



The International Bureau of WlPO 
34, chemin des Colombettes 
1211 Geneva 20, Swi&erland 



Facsimile No.: (41-22) 740.14.35 



Authorized officer 

Dominique DELMAS 
Telephone No.: (41 22) 338.83.38 



Form PCT/IB/306 (March 1994) 



003829645 



PATENT COOPERATION TREfff Y 

POT 



INTERNATIONAL SEARCH REPORT 

(PCT Article 1 8 and Rules 43 and 44) 



Applicanf s or agenf s file reference 

P48862PC00 


pQfll FURTHER ®^ Notification of Transmittal of International Search Report 

(Form PCT/ISAy220) as well as, where applicable, item 5 below. 

ACTION 


International application No. 

PCT/NL 00/00439 


International filing date (day/month/year) 

23/06/2000 


(Earliest) Priority Date (day/montti/year) 

25/06/1999 


Applicant 

ACADEMISCH ZIEKENHUIS BIJ DE UNIVERSITEIT VAN AMST 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 



. sheets. 



This International Search Report consists of a total of 4 

fX| It is also accompanied by a copy of each prior art document cited in this repon. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 



□ 



the international search was canied out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 

was carried out on the basis of the sequence listing : 

I I contained in the international application in written form. 

filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form. 



□ 

□ 
□ 
□ 

□ 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 



2. 
3. 



[T] Certain claims were found unsearchable (See Box I). 
I I Unity of Invention Is lacking (see Box II). 



4. With regard to the title, 

I I the text is approved as submitted by the applicant. 

[X| the text has been established by this Authority to read as follows: 

METHOD FOR SCAVENGING RADICALS WITH UROCANIC ACID, DERIVATIVES AND ANALOGUES 



5. With regard to the abstract, 

pr| the text is approved as submitted by the applicant. 

□ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box 111. The applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. 

I I as suggested by the applicant, Q None of the figures. 

I I t)ecause the applicant failed to suggest a figure. 

I I because this figure l^etter characterizes the invention. 



Form PCT/ISA^IO (first sheet) (July 1998) 



RNATIONAL SEARCH REPORT 



International Application No 

PCT/NL 00/00439 



A. CLASSIFICATION OF,SUBJECT MATTER , 

IPC 7 A61K7/00 A61K7/42 



A61K31/415 A61K7/48 



According to IntemationaJ Patent Qassiftcation (IPC) or to both nationaJ classification and IPC 



B, FIELDS SEARCHED 



Mtniiniim documentation seaiched (classification system followed by classification symbols) 

IPC 7 A61K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Hectronic data base consulted during the Internationa) search (name of data base and. where practical, search temns used) 

EPO-Internal , WPI Data, CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ^ Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



wo 94 20065 A (BEIERSDORF) 

15 September 1994 (1994-09-15) 
page 5, line 19 - line 28; claim 1 

EP 0 586 961 A (BEIERSDORF) 

16 March 1994 (1994-03-16) 

page 4, line 5 - line 15; claims 1,10 

-/-- 



1,5.9,16 



1.5.9 



Further documents are listed in the continuation of box C. 



iLl 



Patent family members are listed in annex. 



** Special categories of cited documents : 

'A' document defining the general state of the art which is not 
considered to be of particular relevance 

'E' earlier document but published on or after the international 
filing date 

'L' document which may throw doubts on priority claim(s) or 
which is dted to establish the putilication date of another 
citation or other special reason (as specified) 

'O' document referring to an oral disclosure, use. exNbition or 
otiier means 

'P' document published prior to the intemational filing date but 
later tfwt the priority date claimed 



T' later document published after the intemational filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underiying the 
invention 

'X' document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when tiie document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&" document member of tiie same patent family 



Date of the actual completion of the intemational search 



20 October 2000 



Date of mailing of the intemational search report 



30/10/2000 



Name and mailing address of the ISA 

European Patent Office. P.B. 581 8 Patentiaan 2 
NL-2280HV Rijswijk 
Tel. (431-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Voylazoglou, D 



Fm PCT/lSA/210 (second shoat) (July 1992) 



page 1 of 2 



lA^RNATIONAL SEARCH REPORT ; 

International Appllcatlan No 

PCT/NL 00/00439 
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C.(Cont(nuat)on) DOCUMEKTS CONSIDERED TO BE RELEVAf^ 


Category " 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to daim No. 


X 


CHEMICAL ABSTRACTS, vol. 82, no. 18, 


1 




5 May 1975 (1975-05-05) 






Columbus, Ohio, US; 






abstract no. 116079e, 






K. HASUNUMA: "Stabilization of ascorbic 






acid and related compounds by urocanates" 






page 287; 






XP002126181 






abstract line 15; claims 1,10 






& JP 07 486524 A (KANEBO) 






25 December 1972 (1972-12-25) 




X 




F. STAB ET AL: "Novel antioxidants: new 


5 




strategies in product stabilization and 






skin protection" 






SblFEN, OLE, FETTE, WACHSE, 






vol. 124, no. 10, 1998, pages 604-613, 






XP000776931 






AUGSBURG DE 






page 608, left-hand column - line 15; 






claims 1,10 




X 


WO 94 22441 A (BIOGLAN IRELAND) 


9 




13 October 1994 (1994-10-13) 






page 608, left-hand column; claims 1,7-12 




X 


PATENT ABSTRACTS OF JAPAN 


11,17,18 




vol. 18, no. 236, 6 May 1994 (1994-05-06) 






& JP 06 024978 A (KURARAY), 






1 February 1994 (1994-02-01) 






abstract; claims 1,7-12 




X 


CHEMICAL ABSTRACTS, vol. 95, no. 9, 


17,18 




31 August 1981 (1981-08-31) 






Columbus, Ohio, US; 






abstract no. 78329v, 






G. MARONE ET AL: "Role of histamine and 






its metabolites in the homeostatic control 






of the immunological release of histamine 






and histaminase in human leukocytes" 






page 571; 






XP002126182 






abstract; claims 1,7-12 






& FOLIA ALLERGOL. IMMUNOL. CLIN., 






vol. 28, no. 3, 1981, pages 216-224, 
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rnahonal search report 

Information on patent family members 



International Application No 

PCT/NL 00/00439 



Patent document 
cited in search report 


Publication 
date 


Patent family 
memt^r(s) 


Publication 
date 


WO 9420065 


A 


15-09-1994 


DE 


4405585 


A 


08-09-1994 








EP 


0687171 


A 


20-12-1995 








JP 


8507762 


T 


20-08-1996 


EP 586961 


A 


16-03-1994 


DE 


4230076 


A 


10-03-1994 








AT 


160502 


T 


15-12-1997 








DE 


59307733 


D 


08-01-1998 








ES 


2111102 


T 


01-03-1998 








US 


5620680 


A 


15-04-1997 


OP 7486524 


A 




NONE 








UO 9422441 


A 


13-10-1994 


AU 


6380194 


A 


24-10-1994 








AU 


7885998 


A 


08-10-1998 








CA 


2159447 


A 


13-10-1994 








EP 


0691845 


A 


17-01-1996 








GB 


2291594 


A B 


31-01-1996 








GB 


2313058 


A,B 


19-11-1997 








GB 


2313059 


A,B 


19-11-1997 








GB 


2313546 


A,B 


03-12-1997 








JP 


8508474 


T 


10-09-1996 








NZ 


263202 


A 


24-04-1997 








SG 


70568 


A 


22-02-2000 








US 


6028098 


A 


22-02-2000 








ZA 


9402210 


A 


29-05-1996 


JP 06024978 


A 


01-02-1994 


NONE 









Form PCT/ISA^lO (patent famay annex) (Ji^ 1992) 



PATENT COOPERATION T#ATY \>Jc K 



INTERNATIOWAt. PRgUMIIMAHY hXAMININS AUTHORrTY At/t/i^C:^ JTC < 



TtrSMIJr 


To: 

PRINS, Ir A„ W. 
VEREENIGDE 

..Mieuwe.Raririaan 97 

2587 BN Den Haao 

PAVO DAO 

3 'I CKr 2001 


ONTVANG 
0 6 NOV 20( 

AMERSFOC 


EN \J^^ -. '-^^ ■ '8.-^"^ 

NOTinCATION or TRArOSMITTAL OF^tf^J^j- 
1 THE INTERNATIONAL PRELIMIN^W^-^ 

CVAimiMATION REPORT 

^py (PCT Rule 71.1) 


1 _ 


Data ot mailing 

(day/morM^oof) 24 . 1 0.2001 


MAP 


Applicants or agont'c tile mtarance 
P48862PCQ0 




n/tPQRTAMT WOmRCATON 




inl^mitfonal opplfcatlan No. i.itei.iaUuiuil filing csaie (Wj^ironiwi? 

PCT/NL0Q/004a9 23/06/2000 25/06/1999 


Applicant 

ACADEMISCH 21EKENHUIS BIJ DE UNIVERSfTEfT VAN AMST 


1 The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
International preliminary examinazion repon and its annexes, if any. estaoiished on tne international application, 

2. A copy of the report and its annexes, if any. is being transmitted to the International Bureau for communication 
to all the elected onices. 

3. Where required by any of the elected Offices, the International Bureau will px^poxQ an English translation of the 
repon (but not of any annexes) and will transmit sucn translation to those ottices. 

4. REMINDER 

The applicant must enter the national phase before aarJi filecteri Officfi hy pArfnrmino nflrtain acts (filing 
translations and paying national fees) williln 30 mofilhJi from the priority date (or later in some Offices) (Arade 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 

Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a uansiation ot any annexes to the international preliminary examination report. It ts the appltcanfs 
responsibility to prepare and funilsih sudi iranslation directly to each elected Office concerned. 

For further UeUiilti on the applicable time limits and reQuiremenis of the elected UfTices. see Volume II of the 
per Applicant'c Guide. 


Name ana mailing aooress oi me ir'bA/ 

• - • Curopean Patent Office 
^ l>SO^S Munich 

^jv Tel. -1^ B9 2Sd9 - 0 Tx: 523656 epnnu d 
Fiix: -KS 68 2399 - 4465 


Auihorized officer y^^^^^^Js^ 
Houyez-Stevens. M |j 



Forfri PCT/lPEA/^ie (July 1992) 



PATENT COOPERATION AeATY 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



AppTicanfs or aoent^s file reference 
P46662PC00 


See Notification of Transmittal of Intemattor^ai 
FOR FURTHER ACTION Prollmtnaiy Examination Roport {Form pCT/ipea/416) 


Intamationa} appTication No. 
PCTyNLOO/00439 


Irttamational fllino ^^f* (rtftyAnnnth^iemt) 
23/06/2000 


Pnoriry data (dsys/tnonih^Baf} 
26/06/1999 


intemakionoJ Patent Classificaiion (IPC) or nai 
AfilK7/nO 


lonai cla66iricauon i3uid IPC 


Applicant 

ACADEMISCH ZIEKENHUIS BIJ DE UNIVERSITEIT VAN AMST 



1. This international preliminary examination report ha5s hMn prepared by this International Preliminary Examining Authority 
and is trarwnitted to the applicant according to Article 36. 

2. This REPORT annfAf^A of a total of 7 sheets. Including this cover sheet. 

□ This I epori Ri> ateu emuuriipemit^ by ANNEXES, I.e. sneets or the description, claims and/or drawings which have 
been amended and are the basis for this report and/or chccts containing rectifications made before this Authority 
(see Rule 70.16 ano Section 607 or me Administrative instructions under the PCT). 

These annexes consist of a total of sneets. 



3. This report contains indications rAlating to thp. fr^llowing Items: 



1 


E) 


II 


□ 


III 




IV 




V 


OS 


VI 


□ 


VII 


□ 


VIII 


SI 



citations and explanations supoitiiiy $uuli ^statement 
Ceitain documents ulud 
Certain defects in the international apptivaliun 
Certain obeervations on the international appticaliun 



Form PCT/IPEV409 (cover sheet) (January 1994) 



Date of submiesion of tho demand 
23/01/2001 


Date ur i;uifipiuiion or tnis repon 

2i.lOU3001 


Name ana mailing aiiUress ur uiu iiiieniaUuriai 
preliminary examinino aumority: 

^ Eui upooi 1 Palei il ornc;e 
/gSl D^029B Munich 

Tol. 4^9 89 2399 - 0 Tx: 523666 epmu d 
Pax: 4^9 69 2399 • 446a 


Auinonzed oiricer y^^**^**^\ 

HSTANOL,! (C ^ /) 
Telephone Mo. 1 40 80 2390 8&47 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



Intemationarappfication No. PCT/NLOO/00439 



t. Daai of the report 

1 . With regard to the eleniBnts of the international application (Replacement sheets which have been fumishad to 
The receMna Office in response to an inviialian unUvr Arlivfti 74 nfts rtfftfnud tu in Ihis mputl "uriginnlly filetT 
and arc not annoxod to this report since they do not contain amendments (Rules 70. ie and 70.17)): 
Description, pages: 

1 -33 as originally filed 

Claims, No.: 

1-19 as originally filed 

Drawinge, eheete: 

1/5-5/5 as received on 23/0 1/200 1 with lener of 23/0 1/2001 

2. With regard to the language, ail the elemenTs marked above were available or furnished to this Authority in lite 
language in which the international application was filed, unless othenwise indicated under this item. 

Tlieb'e elements ware available or fumished to this Authority in the following language: , which is: 

□ Uie language of a translation furnished for the purposes of the international search (under Rule 23. 1(b)). 

□ the l;3noiiaoa of publication of the international application (under Rule 48.3(b)). 

□ tho language of a tranelation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 65.3). 

3. With regard to any nucleotide and/or amino acid sequence diecloeed in the international application, the 
International preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the intematinn?il appliratinn in writtpn form. 

□ filed together with tho international application in computer readable form. 

□ furnished subsequently to this AuUiorily In written form. 

□ fumished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure In 
the International application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of; 

□ the description p pages: 

□ the claims, Nos.: 



Poirii PCT/lP£A/409 (Buiics l-Vllf, SMeei 1) (July 1838) 



INTERNATIONAL PREUMINARY 
EXAMINATION REPORT 



international application no. PCT/NLOQ/00439 



□ the drawings. eheete: 

5. □ This report has been established as if (como of) the amendm nts had not been made, cince they have been 

considered to go beyond thn diRnlnsure as fiied (Rule 70^(c)): 

(Any repiac&mml ^iht^t^l oontaining such amendtmnts must be rofBtrnd to under Hem 1 end emnexBd to ttiis 
report,) 

6. Additional obeeivatlone. if necessary: 

lit Non^tablishment of opinion with reaard to novelty. Inventive step and industrial applicability 

1. The questions whether claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been «xRmin«rt in rf%snanf of: 

□ the entire international application. 
PC claims Nos. 16-19. 

because: 

IS the said (ntemadonal appiication, or the :»€iiU cleiiin^ Nus. relalu lu Uie fuiluwiri^ saut^iect maner whicn aoes 
not require an international prefiminary examination (specifyii 
see separate sheet 

□ tho description* claims or drawings {indicate partieulstr elements teiovi^ or said claims Noe. are eo unclear 
that no meaningful opinion could be formed (spec/Q/): 

□ the clulrns. ur ^aid ciaiins Nos. are so inadequately supported by the description Uial nu riiectningful opinion 
could bo formed^ 

□ no International seardi repurllias been established loi Uie said daiiiis Nus. . 

2. A meaningful international prelimin^iry firamin^^tion cannnt hft carried OLit due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for In Annex C of the Administrative 

Instructions: 

□ die written fomn has not been furnished or does not comply with the standard. 

n thp computer readable fomn has not been furnished or does not comply with the stand;ird. 

IV. Lack of unity of Invention 

1 , In response to the invitation to rcctrict or pay additional fees the applicant has: 

□ restricted the claims. 



Form PCT/IPbA/409 (t^oxes i*viii, b-heet Z) (Juiy isisd) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/NLOO/00439 



U paid additional feee. 

□ paio additional fees under proTA.^. 

□ neitfier restricted nor pciid aUdlUui idl ItAtsa. 

Q, □ Thi$ Author!^ found that the requirement of unity of invention io not compiled and chose, according to Rule 
66.1 . not lu invile Uie applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Ruleo 13.1 > 13J2 and 1 3.3 ie 
a complied with. 

^ nnr compliRd with for the following reasons: 
GOO eeparate sheet 

4. Consequenrty, rhe fallawlng parts of Uie iriiernational appllcarinn wrtr thn siihjerrt of tmematlonal preliminary 
examination in eetabliehing thie report: 

n all parrs. 

LJ the parte relating to claime Mos. . 

V. Reaeoned statement under Article 35(2} with regard to novelty, inventive etep or induetrial applicability; 
eltatione and explanatione eupporting auch etatement 

1. StatemenT 



Novelty (N) 


Yes: 


Claims 


19 




No: 


Clalme 


1-18 


inventive step (IS) 


Yes- 


Claims 


19 


No: 


Claime 


118 


Industrial applicability (lA) 


Yes: 


Claims 


1-15 




No: 


Claims 





2. CitQtione and explanations 
see separate sheet 



VIII. Certain observations on thn Intprnatlnnal application 

The following obeervations on the clarity of tho claims^ deocription, and drawings or on the question whether tlie 
claims arc fully supported by the description, are made: 
see separate sheet 



Form PCT/tPeA/409 (Buxe» I-VIII. Sliuul 3) (July (888) 



INTERNATI NAL PRELIMINARY international appiicajdon No. PCT/N LOO/00439 
EXAMINATION REPORT - SEPARATE SHEET 



Re Item il l 

Claims 16-19 relate to subject-matter considered by thi Authority to be covered by th 
provisions of Rule 67.1 (iv) PCT. Consequently, no opinion will be formulated wilh 
respect to the industrial applicability of the subject-matter of titaee claime (Article 
34(4)(a)(l) PCT). 



Item IV. 

The subject-maner of independent claims 1. .5. 6. 11. 15, 1H 
(see the grounds for this objection in Item V). The requisite u 
PCT) therefore no longer exists Inasmuch as a technical relat 
more of the same or corresponding special technical features 
PCT does not exist. 



snd 



riity 



The separate inventions/groups of invention are: 

1 . Use of urocanic acid qt a functional equivalent as antilaxidant or radical 
scavenger. 

2. Use of an oxidation product of urocanic acid as immune response modulator. 



D2: 
D3: 



Re Item V 

Reference is made to the following documents: 

D1 : WO 94 20065 A (BEIERSDORF) 15 September 1 
EP-A-0 586 961 (BEIERSDORF) 16 March 100^ (1 
CHEMICAL ABSTRACTS, vol. 82. no. 18. 5 May I 
Columbus, Ohio, US; abstract no. 116079e, K. 
ascorbic acid and related compounds by urocanatejs 
XPOOf 1^6181 * JP 07 486524 A (KANEBO) 25 
25) 

F. STAB FT Al • 'Novel antioxidants: new strategies 
and skin protection' SEIFEN, OLE, FETTE, WAChiE 
1998. pages 604-613. XP000776931 AUGSBURG 
WO 94 22441 A (BIOGLAN IRELAND) 13 October 
PATENT ABSTRACTS OF JAPAN vol. 18. no. 236, 
06) & JP 06 024978 A (KURARAY). 1 February 1 



04: 



D5: 
D6: 



I9£4 



The document Dl i.<% rRQarded as the closest prior art to the su sject-matter of claime 1 , 



17 is already known 
of invention (Rule 13.1 
onship involving one or 
in the sense of Rule 13.2 



(1994-09-15) 
904-03-16) 
075(1975-05-05) 
HA$UNUMA: 'Stabilization of 
' page 287; 
□dcember 1972 (1972-12- 

in product stabilization 
vol. 124, no. 10, 

HF 

1994 (1994-10-13) 
6 May 1994 (1994-05- 
(1094-02-01) 



i-orm nitnsepatasB sneei/409 (Sheet 1) (EPO^pri) 1887) 



INTERNATIONAL PRELIMINARY international applicd^on No. PCT/N LOO/00439 
EXAMINATION REPORT - SEPARATE SHEET 



5, 9 and 15, and discloses (claim 1 and page 5» lines 19-28) the use of trans-ut uoanic 
acid as an aminyidant in cosmetrc and demriatologicai compositions for th prophylaxis 
and treatment of skin ageing. 

D2 discloses cosmetic and dermatotogical compositions com||>rising c/^ and trans- 
urocanio acid as antioxidant (claims 1-2). 
D3 discloses a method for stabilizing ascorbic acid by adding 
D4 discloses the use of urocanio acid as antioxidant (page 60|8 
D5 discloses the use of certain urocanic acid isomers* derivat vas 
topical treatment of a skin condition which involves an over aqtivc 
which is responsive to UV radiation (claims 1-12 and page 3, 



urocanic acid. 
, table 4). 

and analogues for 
immune response or 
Ine 18 to page 4, line 



The subject-matter of independent claims 1-10 and 15-16 Is r 
(Article 33(2) HOT), the subject-matter of claim 1 is not new 
of claim 5 is not new over D4 and the subject-matter of claim 
the following reasons: 

The term "urocanic acid" as disclosed in present claims 
both trans and cis isomers. 

• Prior art documents disclosing only urocanic acid or on 
equivalents destroy novelty of ihe subject-matter of the 
"urocanic acid or a functional equivalent" is claimed (present 



ot new over D1 orD2 
oyer D3, the subject-matter 
is not new over DS for 



1-10 and 15-16 includes 

y urocanic add functional 
qresent Invention where 
claims 1,15 and 16). 



St bject- 



The documem Db is regarded as the closest prior art to the 
and discloses 5-(carboxymethyi)imidazole as antiallergic ayeHt 
controlling producrinn of IgF. Thus, the use of an imidazole for 
pharmaceutical composition for modulating the immunrespon4e 
the phamnaceutlcal composition comprising said imidazole ts 
subject-matter of claims 11-13, IS and 17 is not new over D6 
disclube irnlda2:ole-4*carboxyaldehyde. lmldazole-4-aceTic acic 
carboxyWc acid, claim 14 or claim 18 is formulated in a way wliich 
imidazoles ("such as"). Tlius, D6 is novelty destroying for 



matter of claim 1 1 , 
for selectively 
the preparation of a 
of an animal as well as 
anticipated by D6. The 
Although D6 does not 
or imidazole-4- 

do not exclude other 
claims 14 and 18. 



present 



The subject-matter of claim 1 9 provides in one embodiment th 
effects of urocanic acid and Its oxidation product in order to modulate 
response of an animal. The subject-matter of claim 19 cannot 
teaching of D I or D2 In combination with Dh or and is tlier^fore 
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new and involving 
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an inventive step (ArticI 33(2) and (3) PCT). 

For the same reasons, only when both urocanic acid or functional equivalent and an 
oxidation product thereof are present in the phamiaceuiical composition, the subject- 
matter of present claim 15 is new and involves an inventive atop. 

There is no htm in the available prior art which would prompt the ekiiled man to 
substitute the imidazole ring by aldehydes or acid radicals (see D6).Thus, the selection 
of the specific Imidazole Immldaznie-A-carboxyaldehyde, immidazole-^ -acetic acid or 
tmmidazole-4'Carboxylic acid as immune response modulators is not deiivctble from D6 
and is regarded as involving an inventive step. 

Industrial applicabilitv: The subject-matter of claims 1 to 15 is applicable in the food, 
cosmetic and phamnaceutical industry (Article 33(^) PCT). For the assessment of the 
present claims 16-19 on the question whelher they are Industrially applicable, no uni- 
fied criteria exist in the PGT Contracting States. The patentability can also be 
dependent upon the formulation of the claims. The EPO« for example, does not 
recognize as Industrially applicable The subject-matter of claims to the use of a 
compound in medical treatment, but may allow, however, claims to a known compound 
fur first use in medical treatment and the use of such a compound for the manufacture 
of a medicament for a new medical treatment. 

Item VIII . 

Claims 1,15 and 16 do not meet the requirements of Anicle 6 PCT In that the matter for 
which protection is sought is not clearty defined. The functional statement "functional 
equivalent" Is so broad that does not enable the skilled person to deteimine which 
technical features are necessary to perform the invention (see also page 6, lines 2-28). 
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I. Basis either port 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as 'originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70.16 and 70. 1 7)): 
Description, pages: 

1 -33 as originally filed 

Claims, No.: 

1-19 as originally filed 

Drawings, sheets: 

1 /5-5/5 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination war. carried out on the basis of the sequence listing: 

□ contained in the international application in written form, 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ fijrnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

i 

Form PCT/IPEA/409 (Boxes l-VIII. Sheet 1) (July 1998) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/N LOO/00439 



□ the drawings, sheets: 

5. □ This report has been established as if (sonne of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial appiicabiiity 

1 . The questions whether the claimed invention appears to be novel, to Involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 
H claims Nos. 16-19. 

because: 

IS the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination {specity): 
see separate sheet 

□ the description, claims or drawings {indicate particular elements belov^ or said claims Nos. are so unclear 
that no meaningful opinion could be formed {specify): 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful International preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

IV. Lack of unity of invention 

1 . In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 
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□ paid additional fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional fees. 

2. □ This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 

□ complied with. 

IS not complied with for the following reasons: 
see separate sheet 

4. Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

□ all parts. 

□ the parts relating to claims Nos. . 

V- Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial appHcability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


19 




No: 


Claims 


1-18 


Inventive step (IS) 


Yes: 


Claims 


19 




No: 


Claims 


1-18 


Industrial applicability (lA) 


Yes: 


Claims 


1-15 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item III 

Claims 16-19 relate to subject-matter considered by this Authority to be covered by the 
provisions of Rule 67.1 (iv) PCT. Consequently, no opinion will be formulated with 
respect to the industrial applicability of the subject-matter of these claims (Article 
34(4)(a)(l) PCT). 

Item IV. 

The subject-matter of independent claims 1 , 5, 6, 11 , 15, 16 and 17 is already known 
(see the grounds for this objection in Item V). The requisite unity of invention (Rule 13.1 
PCT) therefore no longer exists inasmuch as a technical relationship involving one or 
more of the same or corresponding special technical features in the sense of Rule 13.2 
PCT does not exist. 

The separate inventions/groups of invention are: 

1 . Use of urocanic acid or a functional equivalent as antioxidant or radical 
scavenger. 

2. Use of an oxidation product of urocanic acid as immune response modulator. 
Re Item V 

Reference Is made to the following documents: 

D1 : WO 94 20065 A (BEIERSDORF) 1 5 September 1 994 (1 994-09-1 5) 

D2: EP-A-0 586 961 (BEIERSDORF) 16 March 1994 (1994-03-16) 

D3: CHEMICAL ABSTRACTS, vol. 82, no. 18, 5 May 1975 (1975-05-05) 

Columbus, Ohio, US; abstract no. 116079e, K. HASUNUMA: 'Stabilization of 

ascorbic acid and related compounds by urocanates' page 287; 

XP002126181 & JP 07 486524 A (KANEBO) 25 December 1972 (1972-12- 

25) 

D4: F. STAB ET AL: 'Novel antioxidants: new strategies in product stabilization 
and skin protection' SEIFEN, OLE, FETTE. WACHSE. vol. 124, no. 10, 
1998, pages 604-613, XP000776931 AUGSBURG DE 
D5: WO 94 22441 A (BIOGLAN IRELAND) 13 October 1994 (1994-10-13) 
D6: PATENT ABSTRACTS OF JAPAN vol. 18, no. 236, 6 May 1994 (1994-05- 
06) & JP 06 024978 A (KURARAY), 1 February 1994 (1994-02-01) 

The document D1 is regarded av. the closest prior art to the subject-matter of claims 1 , 
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5, 9 and 15, and discloses (claim 1 and page 5, lines 19-28) the use of frans-urocanic 
acid as an antioxidant in cosmetic and dennatological compositions for the prophylaxis 
and treatment of skin ageing. 

D2 discloses cosmetic and dermatological compositions comprising c/s- and frans- 
urocanic acid as antioxidant (claims 1-2). 

D3 discloses a method for stabilizing ascorbic acid by adding urocanic acid. 

D4 discloses the use of urocanic acid as antioxidant (page 608, table 4). 

D5 discloses the use of certain urocanic acid isomers, derivatives and analogues for 

topical treatment of a skin condition which involves an over active immune response or 

which is responsive to UV radiation (claims 1-12 and page 3, line 18 to page 4, line 3). 

The subject-matter of independent claims 1-10 and 15-16 is not new over D1 or D2 
(Article 33(2) PCT), the subject-matter of claim 1 is not new over D3, the subject-matter 
of claim 5 is not new over D4 and the subject-matter of claim 9 is not new over D5 for 
the following reasons: 

- The term "urocanic acid" as disclosed in present claims 1-10 and 15-16 includes 
both trans and cis isomers. 

- Prior art documents disclosing only urocanic acid or only urocanic acid functional 
equivalents destroy novelty of the subject-matter of the present invention where 
"urocanic acid or a functional equivalent" is claimed (present claims 1,15 and 16). 

The document D6 is regarded as the closest prior art to the subject-matter of claim 1 1 , 
and discloses 5-(carboxymethyl)imidazole as antiallergic agent for selectively 
controlling production of IgE. Thus, the use of an imidazole for the preparation of a 
pharmaceutical composition for modulating the immunresponse of an animal as well as 
the pharmaceutical composition comprising said imidazole is anticipated by D6. The 
subject-matter of claims 11-13, 15 and 17 is not new over D6. Although D6 does not 
disclose imidazole-4-carboxyaldehyde, imidazole-4-acetic acid or imidazole-4- 
carboxyiic acid, claim 14 or claim 18 is formulated in a way which do not exclude other 
imidazoles ("such as"). Thus, D6 is novelty destroying for present claims 14 and 18. 

The subject-matter of claim 1 9 provides in one embodiment the combination of the 
effects of urocanic acid and its oxidation product in order to modulate the immune 
response of an animal. The subject-matter of claim 19 cannot be derived from the 
teaching of D1 or D2 in combination with D5 or D6 and is therefore new and involving 
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an inventive step (Article 33(2) and (3) PCX). 

For the sanne reasons, only when both urocanic acid or functional equivalent and an 
oxidation product thereof are present in the pharmaceutical composition, the subject- 
matter of present claim 1 5 is new and involves an inventive step. 

There is no hint in the available prior art which would prompt the skilled man to 
substitute the imidazole ring by aldehydes or acid radicals (see D6).Thus, the selection 
of the specific imidazole immidazole-4-carboxyaldehyde, immidazole-4-acetic acid or 
immidazole-4-carboxylic acid as immune response modulators is not derivable from D6 
and is regarded as involving an inventive step. 

Industrial aPDlicabilitv : The subject-matter of claims 1 to 15 is applicable in the food, 
cosmetic and phannaceutical industry (Article 33(4) PCT). For the assessment of the 
present claims 16-19 on the question whether they are industrially applicable, no uni- 
fied criteria exist in the PCT Contracting States, The patentability can also be 
dependent upon the formulation of the claims. The EPO, for example, does not 
recognize as industrially applicable the subject-matter of claims to the use of a 
compound in medical treatment, but may allow, however, claims to a known compound 
for first use in medical treatment and the use of such a compound for the manufacture 
of a medicament for a new medical treatment. 

Item Vlli . 

Claims 1,15 and 1 6 do not meet the requirements of Article 6 PCT in that the matter for 
which protection is sought is not clearly defined. The functional statement "functional 
equivalent" is so broad that does not enable the skilled person to determine which 
technical features are necessary to perform the invention (see also page 6, lines 2-28). 
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The invention relates to antioxidants or radical 
scavengers and their reaction products. 

Trans-urocanic acid ( trans -UCA) is a major ultraviolet 
(UV) absorbing component of the human epidermis. Absorption 
5 of UV radiation from the UV-C region (200 - 2 90 nm) into the 
UV-A-I region (340 - 400 nm) causes photoisomerization of 
trans-UCA into cis-UCA in vivo as well as in vitro [1-3] • 
Because of this property, tjrans-UCA has been used as natural 
sunscreen agent [4] . This use had later been minimized since 

10 it became clear that photoproduct cis-UCA can mimic some of 
the effects of UV on immunity, suggesting that this compound 
is an important mediator of UV- induced immunosuppression [5] , 
however, at the moment it is not clear what the main role of 
UCA or its mode of action is in the context of 

15 . immunomodulation. Although experiments in vivo supply 

evidence for the immxino- suppressive potential of cis-UCA (8- 
12) , it is remarkable that in a number of cell cultures {in 
vitro) suppression was not found (13-17) . Similar levels of 
cis-UCA can be induced by UV-A and UV-B, but nevertheless UV- 

20 B is more potent in suppressing contact hypersensitivity than 
UV-A (18) . 

The invention provides compounds and compositions for 
use in methods for scavenging radicals or for modulating the 
immune response comprising urpcanic acid or salts, 

25 derivatives, functional equivalents and analogues thereof. 
Said compoxinds, compositions and methods as provided by the 
invention are based on the novel insight that urocanic acid 
isomers are radical scavengers and serve as natural 
antioxidants in the body, in particular in skin. UV exposure 

30 of the skin causes an increased level of oxidative stress 

with the inherent formation of reactive (hydroxyl) radicals. 
It is shown herein that (salts of) urocanic acid isomers or 
fimctional equivalents such as imidazole equivalents and 
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imidazolone derivatives thereof, in particular 
physiologically (in the body) occurring imidazole compounds 
for example act as physiological antioxidants capable of 
efficiently protecting lipid phases of biological membranes 
5 and proteinaceous sxibstances in aqueous environments against 
the action of radicals such as hydroxyl, singlet oxygen or 
other reactive odd-electron species. These species can be 
generated from hydrogen peroxide upon UV irradiation, and 
from hydrogen peroxide in presence of metal ions (e.g. Fe^*) , 

10 the Fenton reaction. Both types of reaction can occur in the 
epidermis [6] . Under conditions of oxidative stress, enhanced 
by exposure to UV [7] , it is evident that UCA isomers will 
encounter the randomly produced hydroxyl radicals in situ. 

The invention thus provides in one embodiment a method 

15 for scavenging radicals in a substance comprising providing 
said substance with urocanic acid or a functional equivalent 
thereof, such as a salt or functionally related imidazole 
compound. Preferably, trans -urocanic acid or a functional 
equivalent thereof is used, being most active or being least 

20 immxinosuppressive . Using urocanic acid or equivalents thereof 
as antioxidant or radical scavenger is advantageous over 
using other antioxidants, such as vitamin E, which are 
commonly not or only partly soluble in water, whereas 
urocanic acid or its analogues dissolve easily in aqueous 

25 solutions. Especially where said substance comprises a food 
product or cosmetic product, which are commonly water based, 
using urocanic acid or its functional equivalent as provided 
by the invention is advantageous oyer water insoluble 
antioxidants- Both isomers are water soluble hydroxyl radical 

30 scavengers and can be used in the water phase of numerous 

emulsions. Furthermore, urocanic acid isomers, being natural 
components of the body, are essentially non- toxic, which 
additionally is advantageous when preparing a food product or 
cosmetic product. 

35 In another or siibsequent embodiment, the invention thus 

provides a method for scavenging radicals in a tissue, for 
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example subjective to oxidative stress, comprising providing 
said tissue with urocanic acid, e.g. the invention provides 
use of urocanic acid or equivalents thereof for the 
preparation of a pharmaceutical or cosmetic composition, for 
5 example for the treatment of oxidative stress, such as for 
example manifested in wrinkles and other signs of ageing 
tissue, in particular skin. Oxidative stress in living 
organisms and their tissues, in particular the oxidation of 
proteins, has been implicated in the phenomenon of ageing, 

10 wrinkling, acute damage of proteins, ischemia reperfusion, 
atherosclerosis, and many chronic diseases, such as 
psoriasis, scleroderma, lupus erythematosus, allergic contact 
dermatitis, vitiligo, lichen planus and graft -versus -host 
disease, or which treatment the invention now provides a 

15 pharmaceutical or cosmetic composition comprising urocanic 

acid or functional equivalent thereof- Such a composition is 
advantageously also used for immuno modulatory purposes. 

In yet another embodiment, the invention provides use 
of an oxidation product of urocanic acid or equivalents 

20 thereof (such as salts or related imidazole compounds having 
similar effect) for the preparation of a pharmaceutical 
composition, in particular wherein said product is an photo- 
oxidation product. Herein is used the novel insight that as a 
' consequence of radical scavenging, epidermal UCA isomers are 

25 converted by reactive oxygen species (ROS) into oxidation 
products with biological i.e. immunomodulating effects. In 
contrast to the photoisomerization of UCA, not much attention 
has as yet been given to the oxidation of UCA. In particular 
not to the reaction of UCA isomers with the very reactive 

30 hydroxyl radicals. Hydroxyl radicals can be generated from 
hydrogen peroxide upon UV irradiation, and from hydrogen 
peroxide in contact with reduced metal ions, e.g. ferrous 
(Fe^*) ions- Both types of reaction can occur in the 
epidermis (6) . 

35 Under conditions of .oxidative stress, enhauiced by 

exposure to UV (7) , it is evident that UCA isomers will 
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encounter the randomly produced hydroxyl radicals. We now 
provide the insight that it is in general not ci s-urocanic 
acid per se that provides modulation or repression of immune 
responses, but oxidation products of urocanic acid, that for 
5 example have arisen after ultraviolet light (UV) exposure of 
for example skin. Herein, urocanic acid scavenges radicals 
created by UV exposure, is thereby oxidised to for example 
imidazole containing urocanic acid derivatives, such as 
imidazole-4-carboxyaldehyde, imidazole-4 -acetic acid or 

10 imidazole-4 -carboxylic acid, which subsequently modulate, 

suppress or mitigate a mounting immune response of the body 
to the UV induced tissue damage. 

By providing insight into this natural mechanism, we 
provide insight in immune modulating mechanisms that are at 

15 work to keep (overly strong) immune responses, for example 
directed at UV exposure at bay. The invention thus provides 
use of a pharmaceutical composition comprising an oxidation 
product of urocanic acid for modulating immune responses 
against various stimuli, thereby mimicking a, previously 

20 unknown, natural action of said product. Herewith the 

invention provides a method to modulate an immxine response of 
an animal, for example a human being, comprising treating 
said animal with a pharmaceutical composition comprising an 
oxidation product of urocanic acid, for example wherein said 

25 product is an imidazole such as imidazole-4 -carboxyaldehyde, 
imidazole-4 -acetic acid or imidazole-4 -carboxylic acid or an 
imidazolon derivative of urocanic acid such as 3-(4- 
imidazolon-2yl) -acrylic acid and 3- (4-imidazolon-5-yl) - 
acrylic acid. In particular the invention provides the use of 

30 one or more UCA photo-oxidation products as immune modulator 
in various skin diseases, such as psoriasis or dermatitis. 
Furthermore, the invention provides a pharmaceutical 
composition comprising urocanic acid or functional equivalent 
thereof for its radical scavenging properties, whereby said 

35 coirposition is additionally used as immuno modulator. 
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optionally already comprising oxidation products having 
immune modulatory function. 

The invention is further explained in the detailed 
description without limiting the invention thereto. 

5 

Detailed description 

Trans-UCA, cis-UCA, related imidazoles and non- 
imidazole compounds were tested with regard to their ability 

10 to compete with deoxyribose to scavenge hydroxyl radicals. On 
exposure to hydroxyl radicals deoxyribose is degraded into 
malondi aldehyde, which reacts with thiobarbituric acid to 
form a pink chromogen. Powerful hydroxyl -radical scavengers 
will compete with deoxyribose, resulting in a reduced amount 

15 of malondialdehyde [22] . Ten compounds, UCA, UCA analogues, 

alanine and uric acid (Fig.l) were tested on their ability to 
scavenge hydroxyl radicals. 

Method: the deoxyribose (dR) degradation test. The 
test was analogous to an earlier described method [221 • 

20 Briefly, the reactions were performed in 5 mL screw cap glass 
tubes in a final volume of 1.0 mL sodium phosphate buffer (50 
mM; pH 7.2), containing 3 . 0 mM 2 deoxy-D-ribose, 0.5 mM 
hydrogen peroxide and one of the test compounds at graded 
concentrations. The reaction was started by the addition of 

25 premixed disodium EDTA and ferrous iron solution (final 

concentrations 0 . 5 mM and 0.2 mM, respectively). The mixture 
was left for 15 minutes at room temperature. After addition 
of 1 . 0 mL 1 % thiobarbituric acid in 50 mM NaOH and 0.75 mL 
2.8 % trichloroacetic acid, the tubes were heated for 20 

30 minutes in a boiling water bath. The pink color was read at 
532 nm and reciprocal absorption values were plotted against 
the concentration of the test compound after subtraction of 
appropriate blanks. A series of six duplicate determinations 
from test compound dilutions was enployed to construct a 

35 graph slope for the calculation of a rate constant value. The 
mean, SD, number of rate constants and the percentage of 
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inhibition of deoxyribose degradation, calculated for each 
test compound, are listed. Results. All second-order rate 
constants for reaction with hydroxyl radicals and, in 
addition, the percentage inhibition of deoxyribose 
5 degradation with equimolar concentrations (3 mM) of scavenger 
are summarized in Table 1. A typical graph with slopes to 
derive rate constants from is shown in Fig- 2 for both UCA 
isomers. Trans-UCA and cis-UCA are substantially more 
powerful in scavenging hydroxyl radicals (8.0 and 7.1 x 10^ M' 

10 ^s"\ respectively), than the other 4- (5-) -substituted 
imidazoles, including L-histidine (2.6 x lO^M'^s*^). L- 
histidine, the precursor of UCA, was included as a known 
moderate scavenger [22-24] with structural similarities to 
UCA. L-alanine was used as a known poor scavenger [22] . 

15 Trans-FAA was tested as a non-imidazole acrylic acid 

derivative, having a furan ring instead. This substitution 
yielded a very poor scavenging ability. 

Other 4- (5-) substituted imidazole analogues, 
dihydrourocanic acid or 3 - (imidazol -4 -yl) -propionic acid and 

20 imidazole-4-acetic acid, showed moderate scavenging ability, 
comparable to histidine. Unsiibstituted imidazole and its 2- 
methyl derivative appeared to be stronger scavengers than the 
UCA isomers. The well-known hydroxyl radical scavenger uric 
acid showed an excellent abilitiy (27.8 x 10® M'^.s'M . 

25 Trans-UCA and cis-UCA, two epidermal compounds, are 

good hydroxyl radical scavengers; their ability is less than 
that of uric acid, but larger than that of the other 4- (5-) 
substituted imidazoles, e.g. histidine. 

Trans-UCA and cis-UCA are herein recognized as good 

30 hydroxyl radical scavengers. Both isomers occur in 

substantial concentrations in the epidermis, the latter in 
the UV-eaqposed skin. There is strong evidence for the 
occurrence of hydroxyl radicals in the epidermis, especially 
upon UV irradiation [7] . Normal human skin contains 

35 approximately 200 iron [26,27], predominantly complexed 
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to ferritin. The release of free ferrous ions by UV ir- 
radiation [28] and the presence of hydrogen peroxide [29,30] 
are prerequisites for the generation of hydroxyl radicals. 
Other reports indicate the UV- induced presence of hydroxyl 
5 radicals indirectly since their effects on epidermal 

constituents could be neutralized with antioxidants [31, 32] . 

UCA is an imidazole compound and several other 
imidazole derivatives have already been shown to be good 
hydroxyl radical scavengers, e.g. histidine [22-24] , 
10 histamine [33], histidine containing dipeptides [24,34], 
cimetidine and other histamine (Hj) receptor antagonists 
[35] . This study reveals that several other imidazoles show 
similar properties (Table 1) . Hydroxyl radicals can react 
with the imidazole ring to form imidazolone derivatives. 

15 Their formation has led to the proposal to use the 

imidazolones of histidine and histamine as markers for 
oxidative stress [23,33]. The importance of the imidazole 
- ring in UCA molecules was also demonstrated in our 
experiments. The poor scavenging ability of trans-FAA, having 

20 a furan ring instead, was a remarlcable contrast. Furthermore, 
the presence of the acrylic acid moiety in UCA molecules 
conjugated with the imidazole ring may accoxint for its 
increased scavenging ability towards hydroxyl radicals as 
compared to the other 4- (5-) substituted imidazoles. 

25 Unsiibstituted imidazole and its 2 -methyl derivative are 

stronger hydroxyl radical scavengers, accentuating that the 
presence of an imidazole ring is a prerequisite for 
sufficient hydroxyl radical scavenging ability. However, 
these conpounds do not occur physiologically and are harmful 

30 (LDso oral rat 22 0 mg/]cg for imidazole and 1500 mg/Jcg for 2- 
methyl imidazole) . 

Trans-UCA and cis-UCA do occur physiologically, mainly 
in the epidermis, with relatively high concentrations. Our 
findings point to a new physiological role for the UCA 

35 isomers, besides the suggested roles of trans-UCA as natural 
sunscreen agent and cis-UCA as immunosuppressant. Trans-UCA 
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and cis-UCA may be major epidermal hydroxyl radical 
scavengers, providing a new view on the antioxidant status of 
the skin. The findings that 1. UCA isomers are good hydroxyl 
radical scavengers, though not as strong as uric acid, and 
5 that 2. the UCA isomers already occupy relatively high 

concentrations in the skin, create possibilities to apply the 
UCA isomers as non- toxic antioxidant additives in food and 
cosmetics in relatively high concentrations. Trans-UCA 
(commercially available) should be preferred, because cis-UCA 

10 may exert immunosuppressive effects . 

In contrast to the photoisomerization of UCA, not much 
attention has as yet been given to the oxidation of UCA. In 
particular, the reaction of UCA isomers with the very 
reactive hydroxyl radicals should be explored. Hydroxyl 

15 radicals can be generated from hydrogen peroxide upon UV 
irradiation, and from hydrogen peroxide in contact with 
reduced metal ions, e.g. ferrous (Fe^*) ions. UV-A 
irradiation of trans-UCA or cis-UCA with hydrogen peroxide 
only results in UCA photoisomerization and not in UCA 

20 photooxidation. The lack of correlation between UV-A- induced 
cis-UCA formation and immunosuppression (18) may be another 
indication for a role of UCA-oxidation products in skin 
immunology. These compounds can either be formed in the 
presence of hydrogen peroxide upon UV-B irradiation or by a 

25 Fenton reaction; both reaction types leading to comparable 
sets of oxidation products as determined by chromatographic 
patterns- The common oxidizing species of both reaction types 
is most likely the hydroxyl radical. Starting the oxidation 
with trans-UCA or with cis-UCA yielded similar 

30 chromatographic patterns. In relation with hydroxyl radical 
scavenging of the UCA isomers, it should be noted that UCA 
isomers may as well interfere with UV- induced 
immunosuppression through scavenging of radical species. 
The presence of the acrylic acid moiety in UCA molecules 

35 conjugated with the imidazole ring may account for its 
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increased scavenging ability towards hydroxyl radicals as 
compared to non- conjugated imidazoles, such as histidine and 
histamine. It may also account for the diversity of the 
formed oxidation products. 

5 

Materials and methods 

High Performance Liquid Chromato graphy (HPLC) 

10 Trans-UCA and cis-UCA were separated from each other 

and from several UCA oxidation products on a 4 . 6 x 250 mm 
Alltima C^a and a Luna C^q reversed-phase column (Alltech, 
Deerfield, II and Phenomenex, Torrence, CA, resp . ) with a 
flow of 0.8 mL/min, delivered by P-3500 HPLC-pumps 

15 (Pharmacia, Uppsala, Sweden) . Samples of 20 to 2 00 ^L were 
injected by a Promis II autosampler (Spark Holland, Emmen, 
The Netherlands) and chromatographic data were recorded on an 
SP 4270 integrator (Spectra Physics, San Jose, CA) . Peak area 
data from samples were only processed under identical HPLC 

20 circumstances. A UV-detector (Applied Biosystems, model 759A, 
Foster City, CA) was set for 226 nm detection. Isocratic 
elution was performed with 10 mM ammonium formate buffer, 
containing 0.2 - 0 . 8 mM tetrabutylammonium (TEA) formate and 1 
% acetonitrile (pH 7.2). Collected fractions were acidified 

25 with formic acid up to a final concentration of 100 mM and 
passed through C^g solid phase extraction columns (JT Baker, 
Deventer, The Netherlands) in order to remove TEA. 
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Phot ooxidat ion 

A 1-cm quartz cuvette, filled with 1.4 mL sample, was 
5 placed in the parallel beam of a filtered 1000 W xenon arc 
lamp (Oriel, Stratford, CT) . The samples were magnetically 
stirred during irradiation. To minimize infrared (heat) and 
visible radiation, the beam was passed through a water filter 
(7 cm) , reflected by a dichroic mirror and filtered through a 

10 1-mm UGll filter. Short-wave cut off was achieved by passing 
the beam through WG280, WG305 or WG335 filters with 3 mm 
thickness each (Schott- Jena, Mainz, Germany) . Xenon lamp 
emission filtered through WG280 included UV-C, UV-B and UV-A; 
through WG3 05 UV-B and UV-A and through WG335 only UV-A was 

15 included. Two narrow bands in the UV-B and UV-A spectral 

regions were selected to monitor the xenon-arc emission. The 
probe of a calibrated EG&G 550 radiometer (Salem, MA, USA) 
was equipped with a neutral density filter and narrow band 
filter type UV-M-IL (Schott- Jena) with a transmission maximum 

20 of 21 % at 303 nm and a half -width of 11.5 nm to monitor UV-B 
or with a type UV-PIL (Schott- Jena) with a transmission 
maximum of 46 % at 363 nm and a half -width of 7.7 nm to 
monitor UV-A. Transmission spectra of the optical filters 
were checked on a Perkin Elmer Lambda 4 0 UV/VIS spectrometer 

25 (Norwalk, CT, USA) . 

Additional irradiations were performed with 
fluorescent tubes TL12, used as a UV-B source, and TLIOR, 
used as a UV-A source (Philips, Eindhoven, The Netherlands) , 
on samples that were magnetically stirred in small Petri 

30 dishes. The UV-B output was measured with an IL 443 

phototherapy radiometer, fitted with a SEE 1240 silicon 
detector probe and the UV-A output with an IL 442A 
phototherapy radiometer with a SEE 115 detector probe 
(International Light, Newburyport, MA, USA) . 



35 
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Fenton oxidation . 

UCA isomers (10 or 4 0 /xM) were oxidized with a 
hydroxyl -radical- generating system that consisted of various 
5 concentrations of ferrous ions (10 - 500 ^M) and a fixed 
hydrogen peroxide concentration of 500 fiM (the Fenton 
reagent) , either in a sodium phosphate (10 or 20 mM) medium 
of pH 7.2, or in ultrapure water. In addition, two hydroxyl- 
radical -generating systems with copper ions (Cu^*) were used, 
10 consisting of 50 /zM Cu^* with either 500 \iM hydrogen peroxide 
or 5 mM ascorbic acid. 

Synthesis of reference compound imidazole -4 -carboxaldehyde 
(4- formyl imidazole) 

15 

4- (Hydroxymethyl) imidazole-HCl (4 mmol) was stirred together 
with sodium bicarbonate (6 mmol) in 4 ml methanol for 1 hour 
at room temperature. The methanol was evaporated and the 
residue was extracted with a chlorof orm/methanol 1:1. After 

20 centrifugation at 3500 rpm for 5 minutes the supernatant was 
evaporated and the residue was taken up in 20 ml hot dioxane. 
4.4 g manganese dioxide (activated; for synthesis) was added, 
followed by a reflux reaction for 2 hours. Manganese dioxide 
was removed by filtration and the filtrate was evaporated. 

25 Crystallization was carried out in methanol. The yield was 95 
mg of fine off-white crystals, 25 % of maximum yield. The 
melting range was 168 - 169° C : 173 - 175° C) . Melting range 
of starting material was 108 - 111° C and of the oxidation 
product imidazole-4-carboxylic acid 294 - 295° C. UV (water) 

30 (log e) 257 nm (3.85). 

Results 



35 



UCA isomers and photooxidation 
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The O-O bond of hydrogen peroxide can be cleaved by UV 
radiation to yield hydroxyl radicals. Because both UCA 
isomers could effectively scavenge hydroxyl radicals, it is 
to be expected that UCA will be degraded and/or converted 
into oxidation products- The ability of simulated solar UV 
radiation to convert trans-UCA in the presence of hydrogen 
peroxide into photooxidation products was tested in vitro and 
analyzed by reversed-phase HPLC analysis. Hydrogen peroxide 
eluted close to void volume and trans-UCA and cis-UCA eluted 
with markedly different elution times of 20 and 64 min (Fig. 
3a-d) . The unirradiated control sample did not show any 
interaction between trans-UCA and hydrogen peroxide (Fig. 
3a) . Exposing 80 fxM trans-UCA in the absence of hydrogen 
peroxide at pH 7,2 to WG280- filtered xenon-arc emission 
(including UV-C and UV-B) resulted only in the formation of 
cis-UCA via the process of photoisomerization (Fig. 3b) . 
However, when trans-UCA was irradiated in the presence of 500 

hydrogen peroxide under identical conditions, many 
additional peaks appeared in the chromatograras and both 
trans-UCA and cis-UCA peaks were strongly reduced (Fig. 3c) , 
indicating a certain photochemical conversion or breakdown. 
Eight main photooxidation products were recognized as new 
peaks based on retention times and were assigned in the 
chromatogram (Fig. 3c) . 

In contrast, when exposures were performed with 
simulated solar radiation from which both UV-C and UV-B were 
blocked out by a WG335 filter, virtually no photo-oxidation 
products were found (Fig. 3d) . Only UCA photoisomerization 
was apparent, which is in accordance with earlier reports {2, 
3) . The ratio of trans-UCA to cis-UCA photoisomerization was 
not affected by the degree of photooxidative breakdown. 
Blocking out UV-C by the use of the WG3 05 filter showed 
intermediate results (Table 2) . This irradiation condition 
has the closest simulation with the spectral UV distribution 
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of terrestrial solar radiation produced by an overhead sion on 
a bright day. Tests with the fluorescent lamps TL 12 (UV-B 
and UV-A; some UV-C) and TLIOR (UV-A) confirmed the above 
findings that UV-B and UV-C have photo-oxidative ability. 
5 Although the UV-A dose of the fluorescent lamp was much 

higher than that of UV-B, the yield of UCA photo -oxidation 
products was much lower with UV-A (Table 2) . The formation of 
photo -oxidation products was quantified by summing the eight 
major peak areas (in arbitrary units; peaks A - H) . The 

10 degree of photo-oxidative breakdown, the yield of photo- 
oxidation products and the degree of UCA photoisomerization 
under different irradiation conditions were summarized in 
Table 2 . Taking the various emissions of these UV sources 
into account, the photo-oxidative ability of tJV radiation 

15 became substantial with wavelengths shorter than 

approximately 320 nm. Experiments with cis-UCA yielded 
similar results, except that cis-UCA/ tjrans- UCA ratios were 
increased in this series (data not shown) . 
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UCA isomers and Fenton oxidation 

In the next series of experiments we studied the 
Fenton oxidation of UCA, representing another natural 
5 oxidation process- Trans-UCA and cis-UCA isomers were Fenton 
oxidized by ferrous ions (Fe^*) and hydrogen peroxide at 
physiological concentrations. The initial hydrogen peroxide 
concentration was 500 /xM and the ferrous ion concentration 
was varied from 0 to 500 /zM. In all Fenton-oxidation 

10 reactions the degree of UCA- isomer breakdown was calculated 
from their reduced peak areas. The oxidation reaction must 
have been completed within 2 minutes for all reaction 
conditions, because no further breakdown was observed after 
prolonged incubation. Hydrogen peroxide without Fe^* had no 

15 effect on the UCA isomers at all; however, Fe^* without 

hydrogen peroxide resulted in a slow breakdown of UCA isomers 
after prolonged incubation (data not shown) . 

The sequence order of addition of the two Fenton 
reagents did not markedly affect the UCA breakdown and yield 

20 of oxidation products, except at a low UCA concentration of 
10 ^LM. When Fe^* was added after hydrogen peroxide, a larger 
breakdown and a smaller yield of Fenton -oxidation products 
were observed, whereas the reversed- sequence order gave 
opposite results (data not shown) . 

25 When the Fenton reaction was performed in water 

instead of phosphate buffer, the oxidative breakdown of 
trans-UCA was enhanced irrespective of the . UCA concentration. 
The turbidity seen in reactions performed in phoshate buffer 
(10 mM) with high Fe^* concentration 

30 (> 100 fxM) was probably due to the formation of insoluble 
iron phosphate, thereby reducing the free availability of 
Fe^*. Table 3 summarizes the difference between water and 
phosphate medium for trans-UCA at an initial concentration of 
40 /zM with respect to its breakdown and the formation of 

35 Fenton-oxidation products. Similarly to the photo -oxidation 

experiments, the peak areas of the 8 major oxidation products 
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were summed. Comparable results were obtained with cis-UCA 
(data not shown) , which finding is in accordance with the 
comparable rate constants of trans-UCA and cis-UCA in the 
deoxyribose degradation experiment (Table 1) . A close 
5 resemblance was observed between the chromatographic patterns 
of UCA Pent on oxidation products (not shown) and those of UCA 
photo -oxidation products. Three of them has been identified 
(vide infra) - 

When two other hydroxyl- radical -generating systems based 
10 on copper ions (Cu^*) were investigated with trans-UCA, the 
combination of Cu^" (50 pM) and ascorbic acid (5 mM) without 
hydrogen peroxide caused an almost complete breakdown of 
trans-UCA (3 % left) , whereas the system with Cu'* (50 /xM) 
and hydrogen peroxide (500 /zM) showed little effect (88 % 
15 trans-UCA left) . Evaluation of the data was difficult with 
the ascorbate system, because several interfering peaks had 
occurred in the chromatograms , which were probably derived 
from ascorbic acid and its oxidation products. Both sytems 
are considered to be of minor importance for the situation in 
20 vivo, but these results indicate similarities in oxidative 
behaviour of the UCA isomers, independent of the nature of 
the hydroxyl -radical -generating system. 

UCA isomers and Fenton oxidation. 

25 In another series of experiments we studied the Fenton 

oxidation of UCA, representing another natural oxidation 
process. The initial hydrogen peroxide concentration was 500 
|iM in all experiments and the ferrous ion concentration was 
varied from 0 to 400 |iM. Four sets of conditions were 

30 compared: 1. Fe'" in phosphate buffer pH 7.2 , 2. Fe^* in 
phosphate buffer plus EDTA , 3. Fe=* without buffer with a 
initial pH of 5.5 - 5.3 and 4. Cu^* in phosphate buffer plus 
ascorbate. The degree of breakdown was similar for both UCA 
isomers. Table 3 shows oxidative breakdown of trans-UCA with 
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hydrogen peroxide in increasing order: condition 1 < 2 < 4 < 
3 . 

The addition of Fe^* at final concentrations of 100 - 
4 00 /xM in phosphate buffer caused a turbid solution of 
5 insoluble iron phosphate. Under this condition the smallest 
degree of breakdovm was established. A limited availability 
of free Fe^* is assumed to reduce the oxidative breakdown of 
UCA. At the other hand, complexation of Fe^* to EDTA did not 
cause a turbid reaction mixture and a larger breakdown was 

10 established (Table 3) . The largest breakdown was seen in the 
absence of phosphate buffer, with a less defined pH value of 
5.5 to 5.3 , dependent on the UCA concentration (40, 100 or 
250 nM) . At the start of the Fenton reaction in the 
unbuffered medium, there was a rapid fall of the pH value 

15 from 5.1 to 3.4, with initial concentrations of trans-UCA, 
hydrogen peroxide and ferrous ions of 250, 500 and 4 00 fiM, 
respectively. We attribute this effect to the unbuffered 
liberation of relatively strong acids, such as glyoxylic acid 
(GliX) . Similar results of breakdown, though slightly less 

20 pronounced, were obtained with cis-UCA (Table 4) . This 

finding is in accordance with the comparable second order 
rate constants of trans-UCA and cis-UCA for hydroxyl radical 
scavenging (8) . Hydrogen peroxide without Fe^* had no effect 
on the UCA isomers at all; however, Fe** without hydrogen 

25 peroxide resulted in a partial breakdown of the UCA isomers 
upon prolonged incubation of one day (data not shown) . 

The primary oxidation products formed are ImCHO and GLX. 
Additional experiments in which ImCHO was used as starting 
material, a yield of virtually 100 % ImCOOH was obtained 

30 after Fenton- or photooxidation. In UCA samples that were 
highly oxidized (containing < 4 % UCA) ImCOOH was the major 
22 6 nm absorbing compound, while ImCHO concentration was 
largely reduced. An additional experiment demonstrated that 
under this oxidative condition the aldehyde (ImCHO) was 

35 oxidized to the carboxylic acid (ImCOOH) . GLX was analyzed in 
lower amounts than ImCHO in all cases studied (Table 3) , 
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except for the Fenton oxidation of 40 /iM UCA (Table 4, 
section 3.1 and 3.4). Trans-UCA and cis-UCA in relatively 
high concentration of 250 |iM were broken down for 78 % and 75 
%, respectively, by the unbuffered Fenton oxidation system. 
5 Table 4 section 3 also shows that the yield of oxidation 

products was proportional with the initial UCA concentration. 
Remarkably, the yield of ImCHO from cis-UCA was substantially 
larger than from trans -UCA. In the phosphate buffered Fenton 
system a comparable breakdown and a conqparable yield of 

10 oxidation products was recorded, irrespective of the initial 
UCA concentration range from 40 to 250 fiM (Table 4, section 
1, only results of 4 0 /iM are shown) . In the presence of EDTA, 
a larger breakdown and a higher yield of oxidation products 
(in particular ImCHO) resulted (Table 4, section 2). This 

15 yield was raised as higher initial UCA concentrations were 
used. In the unbufffered system, the highest degree of 
breakdown of all tested systems was recorded. The oxidation 
product yield was the largest of all systems when the initial 
UCA concentration was high (250 ptM) (Table 4, section 3) . 

20 When another hydroxyl -radical -generating system, based 

on copper ions (Cu^*) was investigated, the combination of 
Cu^* / ascorbic acid / hydrogen peroxide caused a large 
breakdown of trans-UCA (Table 3) and a moderate yield of UCA 
oxidation products, in favor of ImCOOH. Without ascorbic 

25 acid, the system with Cu^* (50 iiM) and hydrogen peroxide (500 
^iM) showed little breakdown (88 % trans-UCA left; data not 
shown) . For the situation in vivo, one must remember that the 
epidermal copper content is lower than iron (29) . 

30 2,3.4. UCA compctred in Fenton - and photooxidation 

A close resemblance was observed between the chromatographic 
patterns of UCA Fenton oxidation products and those of UCA 
phot ooxidat ion products (Fig. 5) - Also under phot ooxidat ion an 
oxidation inhibiting effect was seen in phosphate of pH 7.2, 

35 whereas the yield of oxidation products was in favor of ImCHO 
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(Table 4, section 4 versus 5) . In photo- oxidation, the 
breakdown of cis-UCA was substantially decreased in 
comparison with the trans isomer (Table 4, section 4-6) , In 
Fenton oxidation, this effect was less pronounced. The data 
5 of Table 4 were given for air saturated solutions. Argon- 
purging of the solutions, prior to Fenton - or 
phot ooxidat ion, enhanced UCA breakdown as well as the yield 
of oxidation products, both by a factor 2 to 3 . Heating (to 
3 7° C) of argon-purged solutions slightly enhanced 

10 the yield of ImCHO. 

The data of Table 4 indicate a discrepancy (^gap*) 
between micromoles of UCA isomer broken down and micromoles 
of oxidation products formed. The smallest 'gap', though 
still 52 %, was found after the oxidation of cis-UCA in the 

15 unbuffered system (section 3) . Thin layer chromatography 

(TLC) gave more insight in the 'gap' products, that were not 
seen in reversed phase chromatography, using UV detection or 
fluorescence detection. TLC carried out on silica with the 
eluent isopropanol / ammonia 25 % (4 : 1) showed an array of 

20 elutable, partly overlapping fluorescent spots and a 

fluorescent spot at the start position (data not shown) . 
However, the initial weight of trans -UCA, introduced in a 
photooxidation experiment with extensive UCA breakdown (< 4 % 
of each UCA isomer left over) , was not lowered much (~ 14 %) 

25 after severe photooxidation. This finding indicated a 

predominant formation of non-volatile, solid material in 
stead of gaseous compounds, such as COj and water. The TLC 
pattern and the weighing experiment points to a possible 
hydroxyl radical initiated chain reaction of UCA, resulting 

30 in the formation of substances that may fill the above 

mentioned gap. These substances may not be fully detected 
under the chromatographic conditions used for the 
simultaneous determination of the UCA isomers, ImCHO and 
ImCOOH. 

35 

2.3.5. JnhiJbition of contact hypersensitivity. 
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The inhibitory effects of the UCA oxidation products 
are illustrated in Fig. 5. Maximum ear swelling response was 
normalized to 100 %. The largest reduction was obtained with 
the residue of severely photooxidized UCA (PO mix III) , 
5 containing less than 4 % residual cis-UCA. It resulted in 
only 19 % ear swelling (81 % reduction of swelling) . Even a 
tenfold dilution of that mix (0.2 g/1) reduced the ear 
swelling markedly (29 % ear swelling) , which is of similar 
level as the effect of cis-UCA in a concentration of 1 g/1 

10 (31 % ear swelling) . Another remarkable effect was obtained 

by mixing the three identified imidazoles. When we tested one 
of the imidazoles alone (1 g/1) , only a moderate effect was 
seen, however, when tested mixed together (1 g/1, each 
imidazole 0.33 g/1), a synergistic effect was observed (26 % 

15 ear swelling) . Glyoxylic acid and oxalic acid, as ammonium 
salts, did not exhibit significant inhibition of CHS. 

UCA photo -oxidation on a preparative scale 

20 Concentrations of trans-UCA and hydrogen peroxide were 

largely increased, as was the UV es^osure, to obtain larger 
amounts of UCA photo-oxidation products as collected 
fractions from the reversed phase column for further 
analysis. A typical chromatogram is shown in Fig. 4. Four 

25 fractions, designated as 8, 10, 14, R^ 17, were 

finally selected for identification (peak A, 1-3 in Fig. 4) . 
Prior to analysis, tetrabutylaramonium was removed by solid 
phase extraction on C^g silica. 

30 Identification 

R^ 8 was identified as imidazole-4 -carboxaldehyde 
(ImCHO) . Its UV- spectrum was identical to the synthesized 
(see below) reference compound with an absorption maximum of 
35 257 nm. Co-injection of R^ 8 with synthesized imidazole-4- 

carboxaldehyde resulted in a single chromatographic peak with 
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a retention time of 8.13 minutes. Further evidence is to be 
collected (peak A in Fig. 4) . The amount of ImCHO in the 
phot ooxidi zed UCA sample was gradually reduced upon storage 
at -20"* C. 

5 Rt 10 was identified as imidazole-4-acetic acid. Its 

UV-spectrum was identical with an absorption maximum of 213 
nm. Mass spectrum was obtained with electrospray technique 
and the dry sample was treated with methanol /HCl and n- 
butanol/HCl before analysis. A peak at mass 140 was obtained 

10 after methylation and at mass 183 after butylation. 

Consequently, the mass of the original compound was 126. Co- 
injection of Rt 10 with commercially available imidazole-4- 
acetic acid resulted in a single chromatographic peak with a 
retention time of 8.98 minutes (peak 1 in Fig. 4). 

15 14 was identified as imidazole - 4 -carboxylic acid 

(ImCOOH) . Its UV-spectrum was identical to the commercially 
obtained reference compound with an absorption maximum of 226 
nm. Proton resonance (IH-NMR) analysis was done in D^O, 
showing imidazolic protons in a ratio 1:1 with shifts of 7.76 

20 and 7.53 ppm. Mass spectrum was obtained with electrospray 
technique and the dry sample was treated with methanol /HCl 
and n-butanol/HCl before analysis. A peak at mass 126 was 
obtained after methylation and at mass 169 after butylation. 
Consequently, the mass of the original compound was 112. Co- 

25 injection of R^ 14 with commercially available ImCOOH 

resulted in a single chromatographic peak with a retention 
time of 14.73 minutes (peak 2 in Fig. 4) . The amoiint of ImCOOH 
in the photooxidized UCA sample was gradually increased upon 
storage at -2 0^ C. 

30 

Synthesis of imidazole -4 -carboxald ehvde 

(4 -formyl imidazole; FW = 134.5) from 4- 
(hydroxymethyl) imidazole -HCl . 
35 538 mg starting material (4 ramol) was dissolved in 4 

ml methanol and 500 mg NaHCOa (6 mmol) was added. The tiibe 
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was occasionally stirred for 60 min, alternatively at 4° C 
and at warm water temperature. COj was allowed to escape 
from the glass tube. The mix was divided across several 
Eppendorf tubes and subjected to Speedvac treatment for 1 
5 hour. Residues were white solids with light-yellow sirupy 
liquids. Chlorof orm/methanol mix 1:1 was added to the tubes 
with subsequent gentle warming and stirring. NaHCOj was 
separated by centrif ugation of the combined fractions at 3500 
rpm for 5 min. Clear supernatant was kept overnight at -20'' C 

10 to allow the precipitation of additional NaHC03 . Then, the 

solution was cleared by filtration and evaporated to dryness 
with a Rotavapor device. The residue was taken up in 20 ml 
dioxane with magnetic stirring and 4.4 mg MnO^ (activated; 
for synthesis) was added in the same flask. The residue may 

15 not have been dissolved completely in first instant ion. The 

mix was refluxed for 2 hours on a paraffin oil bath. The warm 
solution was filtered and MnOj was washed once with warm 
dioxane. Dioxane was evaporated with the Rotavapor® yielding 
a white and yellow fine cristalline solid. Crystallization 

20 was carried out in methanol repeated times. Small volumes of 
methanol were required, because the residue dissolved well in 
methanol . 



Yield: 20 mg (lit: " 475 mg) of fine off-white 

25 crystals. 

M.p.: 167 - 168° C (lit: 173 - 175° C) 

M.p. : 4- (hydroxymethyl) imidazole -HCl :108 - 

111° C 

M.p. : imida2ole-4-carboxylic acid : 294 - 295"^ 



30 C 



(lit.: Battersby AR et al . , J Chem Soc (Perkin 
I) 43 - 51, 1980) 
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The results show that similar sets of several UCA 
oxidation products can be formed with UV irradiation and 
without (Fenton reaction type) . Three products were 
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identified so far. We assume that these confounds occur in 
the upper layer of the epidermis as well and a method will be 
developed to determine UCA oxidation products in vivo. The 
simultaneous break-down of ImCHO and the gain of ImCOOH 
5 after phot ooxidat ion has led to our speculation that ImCHO is 
slowly oxidized to ImCOOH during storage. Many aldehydes are 
gradually oxidized to the corresponding carboxylic acids in 
contact with oxygen species. 

Two phenomena out of the puzzling mechanism of cis-UCA 

10 induced immuno- suppression can be solved if UCA oxidation 

products would have immunosuppressive properties. First, the 
abrogation of the immunosuppression by antioxidants (19-21) 
in the model of contact hyper- sensitivity measuring ear 
swelling response. In our scope, the formation of UCA 

15 oxidation products is prevented, because of neutralization of 
the hydroxyl radicals by the antioxidants- Second, the lack 
of correlation between cis-UCA formation by UV-B and UV-A 
(18) . No immunosuppression was found with UV-A irradiaton, 
despite the fact that cis-UCA was formed. In our scope, this 

20 finding may be explained as the inability of UV-A to 
photooxidize UCA. Consequently, no UCA phot ooxidat ion 
products are formed with UV-A (results section) and because 
of that immunosuppression would not occur. Our findings and 
the above assunptions may point to a important role for UCA 

25 (photo) oxidation products in the skin immune system. 
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LEGENDS to FIGURES . 

Figure 1. Compounds tested in this study for hydroxyl 

5 radical scavenging ability, (a) trans-UCA, (b) cis-UCA, (c) 
L-histidine, (d) dihydroUCA or 3- (imidazol- 4 -yl) propionic 
acid, (e) imidazole acetic acid, (f) 2 -methyl imidazole, (g) 
imidazole, (h) L-alanine, (i) tr-ans-2 -furylacrylic acid and 

(j) uric acid. 

10 

Figure 2. A determination of the second order rate 

constants of trans-UCA and cis-UCA with hydroxyl radicals. 
The rate constant was derived from the slope of the line (k = 
slope X X [dR] x Aq) , where Aq is the absorbance, measured 
15 in the absence of hydroxyl radical scavenger. was taken 

as 3.1 X lO^M'^.s'^, derived from pulse radiolysis studies 
[8] , and [dR] = 3 mM. The rate constants in this particular 
set were 8.49 and 7.33 x lO^M'^s"^ for trans-UCA and cis-UCA, 
respectively. The other scavengers were studied similarly. 

20 

Figure 3. Chromatograms of 80 fxM trans -urocanic acid in 20 mM 
phoshate buffer pH 7.2. The initial concentration of hydrogen 
peroxide was 500 ]iM. Injection volume was 8 0 /xL. 
a. with hydrogen peroxide; not irradiated, b. without 

25 hydrogen peroxide; irradiated with a WG280 filtered xenon-arc 
lamp, c. with hydrogen peroxide and irradiated as lb, d. with 
hydrogen peroxide and irradiated with a WG335 filtered xenon- 
arc lan^. Peaks assigned with A - H correspond with 
phot ooxidat ion products. Separation was performed on a 

30 Alltima C^g column with UV detection at 210 nm. The eluent 
consisted of 10 mM sodium phosphate pH 7.2 with 1 . 0 mM 
tetrabutyl ammonium hydrogen sulphate. Further experimental 
conditions are described in the text . 



35 
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Legends ( cont - ) 

Figure 4. Comparable chromatographic patterns in the 
5 formation of UCA oxidation products from 80 fiM trans-UCA and 
500 fjLM hydrogen peroxide in water (no buffer). Left: after 
Fenton oxidation with 250 /iM Fe^* and right:, after 
photooxidation with 'full' UV, containing a UV-B dose of 32 
kJ.m'^. The cis-UCA peak is missing after Fenton oxidation, 
10 due to the absence of photoisomerization. Peak assignation (A 
- G) was done as in Figure Ic . Peaks B,C and D refer to 
imidazole -4 -carboxaldehyde , imidazole-4 -acetic acid and 
imidazole -4 - carboxylic acid, respectively. Chromatographic 
conditions were identical to those applied in Figure 3. 

15 

Figure 5. Inhibition of contact hypersensitivity as a 
reduction of ear swelling response from BALB/c mice. The 
positive control (no inhibition) was normalized to 100 %. 
Im-mix is a mix of the three identified imidazoles (see 
20 identifications) and POmix III is a mix of the three 

identified imidazoles among several other unidentified UCA 
oxidation products, obtained upon extensive photooxidation. 
Rudimental trans- and cis-UCA are present in lower amounts 
than 3 % (by weight) . 
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TABLE 1. 

THE HYDROZYL RADICAL SCAVENGING ABILITY OF XJROCANIC ACID 
ISOMERS 

AND RELATED COMPOUNDS. 



HYDROXYL 

RADICAL 

SCAVENGER 



SECOND OUUKR 
RATE CONSTANT 
X 10* 



S.D. 



IWHiBiTiUN o± 

DEOXYRIBOSE 

DEGRADATION 

[ SCAVENGER] = [DEOXYRIB 
OSE] =3Mm 
% 

T7 



IMIDAZOL'Eg' 



trems-Urocanic acid 8.0 0.9 8 

cis-Urocauxlc acid 7.1 o.6 6 



64 



L-Histidine 2.6^= 0.9 

Dihydrourocanic acid 
Iniidazole-4acetic 
acid 

2 -Methyl imidazole 11.7 2.6 



1 

2.7 
2.2 



0.9 
0.1 



3 
3 



34 

.34 
30 

76 



OTHER COMPRODNDS 

L-Alanine 0.1 0.0 3 2 

trans-2-Furylacylic < - 3 <2 

acid 0.1 

Uric acid 27.8 3.0 4 91 



a. trans-2-f urylacrylic acid was not tested in concentrations 
> SrnM because of poor soliability. 

b. n represents the number of slopes from which the rate was 

calculated. 

c. 2.3-3.0 X 10' M'^.s"^ in literature [22] 
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Claims 



1 . A method for scavenging radicals in a substance 
comprising providing said substance with urocanic acid or a 
functional equivalent thereof. 

2 . A method according to claim 1 wherein urocanic acid is 
5 trans -urocanic acid. 

3 . A method according to claim 1 or 2 wherein said 
substance is aqueous. 

4 . A method according to any one of claims 1 to 3 wherein 
said substance comprises a food product or cosmetic product. 

10 5. Use of urocanic acid as antioxidant or radical 
scavenger . 

6. Use according to claim 5 wherein urocanic acid is trans- 
urocanic acid. 

7. Use according to claims 5 or 6 in aqueous solutions. 

15 8. Use according to claim 7 in preparing a food product or 
cosmetic product . 

9. Use of urocanic acid for the preparation of a 
pharmaceutical composition. 

10. Use according to claim 9 for the preparation of a 

20 pharmaceutical composition for the treatment of oxidative 
stress . 

11. Use of an oxidation product of urocanic acid for the 
preparation of a pharmaceutical composition. 

12 . Use according to claim 11 wherein said product is an 
25 photo -oxidation product 

13. Use according to claim 11 or 12 for the preparation of a 
pharmaceutical composition for modulating the immune response 
of an animal . 

14. Use according to claim 11, 12 or 13 wherein said product 
30 is an imidazole such as imidazole-4-carboxyaldehyde, 

imidazole-4 -acetic acid or imidazole-4-carboxylic acid. 

15. A pharmaceutical composition comprising urocanic acid or 
functional equivalent and/or an oxidation product thereof. 
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16. A method for the treatment of oxidative stress of an 
animal comprising treating said animal with a pharmaceutical 
composition comprising urocanic acid or functional equivalent 
thereof . 

5 17 . A method to modulate an immune response of an animal 
comprising treating said animal with a pharmaceutical 
composition comprising an oxidation product of urocanic acid. 

18. A method according to claim 17 wherein said product is 
an imidazole such as imidazole-4 -carboxyaldehyde, imidazole- 

10 4-acetic acid or imidazole-4 -carboxylic acid. 

19. A method according to claim 16 further comprising a 
method to modulate an immune response of an animal according 
to claim 17 or 18. 
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FIGURE 3B 



FIGURE 3D 
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